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In the many attempts that  have been made to interpret the phe- 
nomena  of  pernicious  anemia by the  supposition  that  a  powerful 
hemolytic agent  is  at  large  in  the  body,  the  fact  that  substances 
soluble in alcohol or ether may have strong hemolytic properties has 
been  much  insisted  upon.  More  especially  attention  has  been 
directed to  fatty acids  and  their alkaline salts,  and  since the  work 
of Faust and Tallquist  (I), in which the anemia caused by Bothrio- 
cephalus latus was ascribed to the unsaturated acid, oleic acid, which 
the worm contains, there has been a tendency to regard particularly 
the unsaturated fatty acids as playing possibly an important part in 
other forms of anemia.  The marked difference described by Faust 
and Tallquist between the hemolytic properties of oleic acid and its 
salts  on the one hand,  and  stearic  acid  and  its  salts  on the  other, 
which was also observed in the comparison of other pairs  of acids 
sianding to each other in the same relation as these two, seemed to 
indicate that  the lytic power of oleic  acid might  reside  in  the  one 
chemical point of difference between it and stearic acid; namely, the 
pair of doubly united carbon atoms present in its molecule. 
In recent years we have come to recognize that oleic acid is not 
the only unsaturated fatty acid that  occurs in the body.  We have 
clear evidence that  in animal cells,  with probably the single excep- 
tion of the adipose connective tissue corpuscles in which 'the  crude 
food fat is stored after absorption if not needed for immediate use, 
there are considerable quantities  of fatty acids in which more than 
one such pair of doubly united carbon atoms occur in each molecule. 
If, therefore, in oleie acid the single pair of unsaturated atoms gives 
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rise to such remarkable properties in relation to red blood corpuscles, 
it  seemed possible  that  the  hemolytic properties  of the  fatty acids 
more  unsaturated than  oleic  acid,  with  two,  .three,  or  even  four, 
such pairs of doubly united carbon atoms, might be far greater still. 
And if this were so, a new direction might be given to attempts such 
as those of Joannovics and Pick  (2)  to look for the cause of toxic 
anemias in the fatty products liberated  from cells destroyed by the 
action of a toxic principle. 
In order to test this theory it was necessary in the  first ins.tance 
to fix some standard of hemolytic power with which to compare the 
properties  of  any  substance  to  be  investigated.  For  .this  purpose 
o.2539  of  a  gram  of  oleic  acid  (Schuchardt's  acidum  oleinicum 
purissimum), which was fou'nd to have almost the correct molecular 
weight,  285,  and  almost  the  theoretical  iodine  value  (calculated 
9o.o;  observed  87.5),  was  dissolved  in  IOO  cubic  centimeters  of 
methyl  alcohol  and  neutralized  with  the  calculated  amount  of 
standard soda solution ; and immediately before each experiment one 
cubic centimeter of this solution was diluted with normal saline and 
the resulting emulsion used.  In all the experiments the same amount 
of twice washed red blood corpuscles was used, o.5 of a cubic centi- 
meter of a 5 per cent. suspension; except where expressly mentioned 
the corpuscles were those of the sheep; and the volume was  made 
up with o. 9 per cent. salt solution in every case to two cubic centi- 
meters.  The tubes were shaken, kept at 37 ° C.  for two hours, and 
the results read then and again after standing for twenty-four hours 
at  room  temperature.  Table  I  shows  the  result  on  one of  many 
occasions on which the amount of the sodium salt of this oleic acid 
that was necessary to give complete hemolysis was determined and 
found to be the same. 
TABLE  I. 
Sodium  Oleate  in Methyl  Alcohol  (x c.s.  =  2.75 rag.) Diluted  x to 20 ~Ath  Normal 
Saline  (z s.c.  =o.137  rag.). 
Tube.  Lytic agent.  Result. 
I  0.I  c.c.  Partial. 
2  0.2 c.c. = 0.027 rag.  Partial,  almost complete. 
3  0.3  c,c.  =  o.o41 mg.  Complete. 
4  o.4 c.c.  Complete. William  Fletcher  McPhedran.  529 
In  order  to  compare  these  results  with  those  obtained  by  other 
workers, and also with some of those to be described in which human 
blood  corpuscles  were  employed,  on  more  than  one  occasion  the 
effect  of  the  same  preparation  on  the  blood  of  other  species  of 
animals was determined,  and  from  the  results given  in table II  it is 
apparent  that no difference could be  detected  in the  amounts  neces- 
sary  for complete hemolysis of  equal  quantities  of  corpuscles  from 
the  sheep,  rabbit,  ox,  dog,  and  man,  for  all  of  which  species  the 
minimum  hemolytic dose  of  sodium  oleate  is  about  o.o  3  of a  milli- 
gram  for  o.5  of  a  cubic  centimeter  of  a  5  per  cent.  suspension  of 
corpuscles. 
TABLE  II. 
Sodium  Oleate in Methyl Alcohol ( I c.c. =  2.75 mg.) Diluted  I  to  80 with Normal 
Saline  (I  c.c. ~o.o34  rag.). 
Tube  Lytic agent. 
0.3 c.¢. 
0.4 c.c. 
0.8 c.c. =o.o27  mg. 
1.2  c.c. =0.039  mg. 
• Result. 
Dog.  Rabbit.  Sheep.  Ox.  Man. 
Trace  I  Partial  Trace  Trace  Partial• 
Partial  Partial  Trace  Trace  Partial• 
Complete  Complete  Complete  Complete  Complete• 
] Complete/ Completel Complete~ Complete'Complete. 
We  can  now  compare  with  this  result  those  obtained  by  others.  Noguchi 
determined the minimum lyric dose of sodium oleate for 2  c.c. of a  5 per cent. 
suspension of ox corpuscles to be 0.07 rag.;  for the quantity of sheep's corpus- 
cles, 0.5 c.c., used in the experiments here reported, the dose according to Noguchi 
(3)  would  be  therefore  o.o18 rag.  Meyerstein  (4),  who  also  made  careful 
determinations of the amount  of a  0.o5 per cent.  sodium oleate solution neces- 
sary completely to hemolyze I  c.c. of a  5 per cent. suspension of sheep's corpus- 
cles  gives  as  his  result  o.I  c.c.,  or  0.05 mg.;  for  0.5  c.c.,  therefore,  0.025 mg. 
Finally from  Lamar's  (5)  results  the  lyric dose  of the same substance  for  the 
same amount of corpuscles may be calculated and with the same result.  There 
is thus a  fair agreement between these sets of observations. 
Noguchi  ..........................................  o.o18 mg. 
Meyerstein  .................  : ......................  0.025 rag. 
Lamar  ............................................  0.025 rag. 
McPhedran  ........................................  0.o27 rag. 
It is therefore  clear tha~ the  standard  for hemolytic activity here 
adopted is fairly well defined, that between 0.02  and 0.03  of a  milli- 
gram  of sodium oleate will completely lake 0. 5  of a  cubic centimeter 
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different workers; or, in other words, one milligram is the lyric dose 
for one cubic centimeter of corpuscles of the rabbit,  sheep,  ox, dog, 
or  man.  When,  therefore,  a  substance  is  spoken  of  as  having 
intense  or  strong  or  weak  hemolytic  properties,  which  is  com- 
monly  done  without  reference  to  any  definitely  fixed  scale  or 
standard,  it  would  be  far  better  if  a  simple  comparison  of  the 
minimum  hemolytic dose of the  substance  in  question with  that  of 
sodium oleate were substituted  for often misleading epithets used in 
designating  its  activity. 
In the  tables  that  follow the  results are  given  of experiments  in 
which a  number of fatty acids have been tested out in this way. 
Palmitic acid ( Schuchardt's purissimum) (table III ), as an example 
of  a  saturated  fatty  acid,  and  probably  the  one  which  is  most 
abundant  in  food,  was  converted  into  sodium  salt,  and  a  solution 
in methyl alcohol of which one cubic centimeter contained 2.6 milli- 
grams was prepared.  Of this one cubic centimeter diluted ten times 
with warmed  normal  saline  gave an emulsion  with which  complete 
hemolysis  was  not  obtained  with  the  largest  quantity  used.  The 
minimum  hemolytic  dose  of  sodium  palmitate  is  therefore  more 
than 0.4 of a  milligram,  or more than twelve times as great  as that 
of sodium  oleate. 
TABLE III. 
Sodium  Palmitate  in  Methyl  Alcohol  (I  c.c.~2.6  rag.)  Diluted  I  to  ~o  with 
Normal  Saline. 
Tube.  Lyric agent.  Result. 
i  o.x c.c.  Trace. 
2  0.2 c.c.  Trace. 
3  0.4 c.c.  Partial. 
4  o.8 c.c.  Partial. 
5  0.6 c.c. ~  0.42 mg.  Partial. 
TABLE IV. 
Sodium  Erucate  in  Methyl  Alcohol  (i  c.c.  ~3.32  rag.)  Diluted  I  to  zo  with 
Normal  Saline  (z  c.c. =  0.33 rag.). 
Tube.  Lyric agent.  Result. 
I  o.I  c.c.  :  o.o33 mg.  Partial. 
2  o.2  c.c.  :  o.066 mg.  Complete. 
3  0.25 c.c.  Complete. 
4  o.3  c.c.  Complete. William  Fletcher  McPhedran.  531 
TABLE  V. 
Sodium  Linoleate  in  Methyl  Alcohol  (I  c.c. =2.5  rag.)  Diluted  x  to  8o  with 
Normal Saline  (x c.c. =  o.03 rag.). 
Tube.  Lyric agent.  Result. 
I  O.2  C.C.  Partial. 
2  0.4  c.c.  Partial. 
3  0.8  c.c. 7-- 0.025  mg.  Partial. 
4  1.2  c.c. --~ 0.037  rag.  Complete. 
Erucic acid (table  IV), a commercial preparation  (Schuchardt's), 
which was found to have the molecular weight 338 and iodine value 
61.8  (calculated 34o and  74.6,  respectively),  was used  in  a  similar 
way.  The minimum lyric dose is about twice that of sodium oleate. 
Linoleic acid is an acid that  is more unsaturated  than  oleic acid. 
There  being two pairs  of doubly united  carbon atoms  in .the  mole- 
cule  it  was  conceivable that  the  hemolytic  power might  be greater 
than  that  of oleic acid  in  which  there  is  only  one.  A  commercial 
preparation of this acid  (Schuchardt's)  was used; it is not probably 
possible 'to obtain strictly pure linoleic acid and this specimen, as was 
expected,  gave  neither  the  theoretical  molecular  weight  nor  the 
theoretical  iodine  value.  But  its  iodine value was more than  186, 
and  it therefore clearly contained  a  large amount  of acid more un- 
saturated  than  oleic  or  erucic  and serves  as  the  first  test  of  the 
theory  that  if  it  is  the  unsaturated  carbon  atoms  that  confer  on 
these acids their hemolytic properties,  the more of such atoms there 
are in an acid the more actively it should  cause hemolysis. 
The  result  of the experiment  shown in table V,  which  was con- 
firmed on other occasions, would show that the minimum hemolytic 
dose  of the  sodium  salt  of  linoleic  acid,  lying  as  it  does  between 
o.o37  and  o.o25  of  a  milligram,  is  not  smaller  than,  but  approxi- 
mately the same as, that of the standard  sodium oleate. 
Lamar  (5)  has  also  compared  the  hemolytic  power  of  linoleic 
acid and  its potassium salt with that  of oleic acid and  sodium and 
potassium  oleates.  For  sodium  oleate,  as  pointed  out  above,  our 
figures  agree  very  closely,  but  he  found  linoleic  acid  to  be  more 
active than oleic, and its potassium salt to 'be three or four times as 
active  as  the  oleates.  This  discrepancy  is  difficult to  account  for. 
But  that  the  hemolytic  power  of  unsaturated  fatty  acids  is  not 
related to the unsaturated  carbon atoms  in the way that  his  results 
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The  next  point  investigated  was  the  hemolytic  properties  that 
result  when  the  unsatura.ted  carbon  atoms  of  oleic  acid  become 
saturated by the introduction of chlorine, bromine, or iodine, o.r of 
hydroxyl groups.  If  the  pronounced difference between the  lyric 
power  of  oleic  acid  and  'the  corresponding saturated  acid,  stearic 
acid, is due to the chemical activi.ty of the unsaturated carbon atoms, 
we should expect this difference to disappear when the oleic acid is 
converted into dibromostearic, chlor]odostearic, monobromostearic, 
or dihydroxystearic. 
Dibromostearic acid was  prepared  in the  usual  way by treating 
oleic acid dissolved in glacial acetic acid with bromine dissolved  in 
the same solvent as long as it was absorbed, and washing the product 
with water till all the acetic acid and uncombined bromine had been 
removed. 
Chloriodostearic  acid  was  obtained  by  treating  oleic  acid  with 
excess of Wijs's  solution of iodine chloride, as in determining the 
iodine value. 
The monobromostearic was obtained by treating oleic acid with 
hydrobromic acid. 
Another acid with the bromine in the a  position was prepared by 
bromina:ting  stearic  acid  itself;  the  smallest  quantity  of  this  that 
caused complete hemolysis under the standard conditions was almost 
exactly the same as in the case of the first mentioned monobromo- 
stearic acid; viz., o,o36 of a  milligram, and the minimum lytic dose 
lies between .this value and o.oi8. 
As  is  apparent  from  tables  VI  to  VIII,  the  three  saturated 
halogen derivatives of oleic acid are none of them appreciably less 
actively  hemolytic  than  oleic  acid  itself;  although  none  of  them 
TABLE VI. 
Potassium  Dibromostearate  in  Methyl  Alcohol  (r  c.c.=4  rag.)  Diluted  ~  to 
8o with Normal Saline  (I c.c. =  0.o5 rag.). 
Tube.  Lytic agent. 
0.3 c.c. 
0.4 c.c. =0.0~  mg. 
0.8 c.c. =0.04 rag. 
1.2 c.c. 
Result. 
]  IVlan. 
Sheep.  RabMt.  -  A.  ~-.  C. 
Partial  ]  Partial  ]  Trace  I  Partial  [  Trace. 
Partial  I  Partial  [  Partial  I  Partial  I  Partial. 
Completel  Complete /  Partial  Almost complete  Complete. 
Complete]  Complete[  Complete]  Complete  ] Complete. William Fletcher McPhedran.  533 
TABLE  VII. 
Sodium  Chloriodostearate  in  Methyl  Alcohol  (~  c.c. =4  rag.)  Diluted  I  to  8o 
with Normal  Saline  (I  ¢.c. =  0.05  my.). 
Tube.  Lyric agent.  Result. 
I  o.3  c.c.  Trace. 
2  o.4  c.c. :  0.02  rag.  Almost complete. 
3  0.8  c.c. =  0.04  mg.  Complete. 
4  1.2  c.c.  Complete. 
TABLE  VIII. 
Sodium  Monobromostearate  in Methyl Alcohol  (I  c.c. =  3.27  my.)  Diluted  x  to 
8o  with Normal  Saline  (I c.c. =  o.o4I  my.). 
Tube.  Lyric agent.  Result. 
I  o.3  c.c.  Partial 
2  0.4  c.c. =o.o16  mg.  Partial. 
3  0.8  c.c. =0.032  mg.  Complete. 
4  1.2  c.c.  Complete. 
contain  any  unsa.tura~ed  carbon  atoms,  the  lyric  dose  under  the 
standard  conditions  adopted  for this  work is  practically  the  same 
as  that  of  oleate,  in  the  neighborhood  of  o.o  3  of  a  milligram. 
Indeed  the  volume  of  equimolecular  solutions  necessary  for  com- 
plete hemolysis is actually  smaller  in  the  case of the  salts  of these 
acids than  in the case of sodium oleate.  This  disposes of the  idea 
which has been Current,  that oleic acid is the potent hemolytic agent 
that  it  is  on  account  of the  chemical  reactivity  of  the  unsaturated 
carbon atoms  that  alone distinguish  it chemically  from stearic  acid. 
The  saturation  of these atoms with halogens  leaves the molecule as 
strongly hemolytic as before. 
On  the  other  hand,  the  introduction  of  two  hydroxyl  groups 
where  there  are  two  vacant  carbon  bonds  in  oleic  acid  at  once 
reduces the hemolytic power,  at least as much as the two hydrogen 
atoms that  in stearic acid have  taken these positions.  The  product 
dioxystearic acid is a solid with a  relatively high melting point,  and 
it  is easy to suggest that  the change  thus  effected in  the  hemolytic 
properties of the molecule is the result of the change in its physical 
nature ; at any rate the loss of hemolytic power is not due to the loss 
of the  chemical  properties  of the  unsaturated  carbon  atoms.  The 
preparation  of  dioxystearic  acid  employed  was  made  from  oleic 
acid obtained  from  the  pig's  liver by oxidizing  it  in  the  cold with 534  Hemolytic  Properties  of  Fatty  Acids. 
alkaline permanganate;  its preparation  and properties  are described 
by Hartley  (6)  to whom I  am indebted  for the use of his specimen. 
So  far  the tests  described  above have been  carried  out with pure 
or practically pure single  substances.  Tables X  and XI contain the 
results  of  other  experiments  in  which  the  theory  is  tested  that  if 
unsaturated  fatty acids are  hemolytic because they are unsaturated, 
the  more  unsa.turated  they  are  the  greater  their  hemolytic activity 
should  be. 
TABLE IX. 
Sodium  Dihydroxystearate  in  Methyl  Alcohol  (z c.c. :  3 ms.). 
Tube.  Lyric agent.  Result. 
I  0.05 c.c.  Partial 
2  o.I  c.c.  Partial. 
3  0.2  c.c.  Partial. 
4  0.4  c.c.  Partial. 
5  o.8  c.c.~2.4 mg.  Partial. 
TABLE X. 
Sodium  Soaps  of Mixed  Fatty Acids  Obtained  from  Cod  Liver Oil Dissolved  in 
Methyl Alcohol  (I c.c. =  2.53 ms.)  Diluted  i  to  8o with Normal  Saline 
(I c.c. ~  0.03 ms.). 
Tube.  Lyric agent.  Result. 
o.3 c.c.  Partial. 
2  0.4 c.e. =  0.o12 rag.  Partial. 
3  0.8  c.c. ~o.o24 mg.  Complete. 
4  1.2  c.c.  Complete. 
TABLE XI. 
Sodium  Soaps  of  Mixed  Fatty  Acids  Obtained  from  Linseed  Oil  Dissolved  in 
Methyl Alcohol  (I c.c. =  2.78 rag.)  Diluted  z  to  8o with Normal  Saline 
(z c.c. =  o.o3 ms.). 
Tube.  Lyric agent.  Result. 
I  0.3  e.c.  Partial. 
2  0.4 c.c. ~  o.o12 rag.  Partial. 
3  0.8 e.c. ~-~ 0.024 rag.  Complete. 
4  1.2 c.c.  Complete. 
Cod liver oil is known to be composed of the glycerides of many 
fatty  acids,  some  of  which  are  much  more  unsaturated  than  oleic 
acid.  A  sample of the oil was saponified,  the  fatty acids separated, 
and their  iodine value  found to be  162.  Had  the  only acid present 
been oleic this value would have been 9o.  This gives an idea of the 
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in the mixture.  A  solution of the sodium soaps  was  prepared  and 
used in the strengths indicated in table X. 
TABLE XlI. 
Minimum Completely  Hemolytic Dose in Milligrams  for o.5 e.c. of a 5 
Suspension  of Red Blood  Cells  of the  Sheep. 
Sodium soaps of  Iodine value.  Mg. 
Oleic acid  ....................................  87.5  o.03 
Palmitie  acid  .................................  >  o.o4 
Erucic  acid  ..................................  61.8  0.o7 
Linoleic  acid  .................................  186.6  o.037 
Dibromostearic  acid  ..........................  o.04 
Chloriodostearic  acid  ................  .........  o.o4 
Monobromostearic  acid  .......................  o.o3 
a  bromostearic  acid  ..........................  o.03 
Dihydroxystearic  acid  ........................  2.4 
Mixed  acids  of  cod  liver  oil  ..................  162.o  o.o24 
Mixed  acids  of  linseed  oil  ....................  18o.o  o.o24 
Per Cent. 
TABLE XIII. 
Minimum Hemolytic Dose in Milligrams for 0.5 c.c. of a 5 Per Cent. Suspension 
of  Sheep Corpuscles. 
Case No. 
I.  ancer of prostate 
2.  'ancer of prostate 
3.  'neumonia 
4.  memia  not  perni- 
cious in type 
5.  'ernicious anemia 
Fraction x 
soluble in 
acetone. 
Heart  >o.14 
Liver 
Liver  0.04 
Liver  0.4 
Mueosa  of  small  in-  o.o 
testine  0.2 I 
Liver  > 6.5 
M ucosa  o. I I 
Heart  0.6 
Kidney  3.o 
Liver  >9.0 
Mueosa 
Spleen 
1.7 
1.3 
Fatty acids 
from frac- 
tion z. 
0.4* 
0.022* 
o.I4 
o.I8" 
o.i 
O.II 
0.37 
o.3* 
0.28 
0.3* 
o.17 
0.45* 
o.17 
Fraction 2 
precipitated 
by acetone. 
>4.0 
o.o5 
0.35 
5.5 
2.0 
2.7 
2.5 
>3-4 
Fatty acids 
from frac- 
tion 2. 
0.2 
0.02 
0.6 
O.I 
O.I 
0.07 
Similarly linseed oil was  used  for the  experiment to which table 
XI  refers.  The  fatty  acids  obtained  from  this  source  had  the 
iodine value I8O, and were therefore still more largely composed of 
the acids  more unsaturated  than  oleic acid  than  in  the  case  of cod 
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The results in tables X  and XI show that the hemolytic power  of 
these acids was somewhat  stronger than that  of  sodium oleate,  but 
on other occasions  on which  the  experiments were  repeated  results 
were  obtained  in  which  the  minimum  hemolytic  dose  was  larger 
than that  shown in the  tables, and  no material difference therefore 
was demonstrable between the lytic properties of these acids and of 
sodium  oleate,  not  sufficient  at  any  rate  to  weaken  the  evidence 
given above  for  the  statement  that  unsaturated  fatty  acids  do  not 
owe  their activity as  hemolytic agents to  the  chemical activity con- 
ferred on them by the unsaturated carbon atoms, whatever the true 
cause  for  their  hemolytic properties  may  be. 
We come now to the question whether toxic hemolysins of a  fatty 
nature  can  be  found  in  the  body  of  patients  dying  of  pernicious 
anemia, or  in the  subjects of  other  toxic  forms  of  anemia. 
Faust  and  Tallqnist state  that  from  I  to  5  mg.  of  erucic,  crotonic, or  cin- 
namic acid causes  intense or complete hemolysis of  io c.c. of a 2 per cent.  sus- 
pension of ox corpuscles in two hours at ,37 °  C., and in intensity of  action they 
are equal to oleic acid.  They also state that the sodium salts of oleie and erucic 
acid are as strongly lyric as the free acids, while stearic and palmitic acids caused 
no hemolysis of  red blood corpuscles  of  any species  examined, when added up 
to  any'amount (" beliebige Menge")  as  sodium  salts.  These  statements  are 
clearly not intended to  be  exactly quantitative.  But  if  Io c.c. of  a  2  per  cent. 
suspension is  the  same  as  4  c.c. of  a  5 per  cent.  suspension, then the  dose  of 
these  substances as  given by  them is  on  the  scale  used  in this  paper,  ~  to 
rag., which is from  four to twenty times too high in the case  of  oleic  acid.  A 
difficulty that has been generally felt in accepting the explanation given by these 
authors  of  the  origin of  this  form  of  anemia  is  that  oleic  acid  is  constantly 
present in the body in considerable quantities.  The  blood,  according to  Hoppe 
Seyler, contains in the horse and dog up to o.I2  per cent.  of soap,  and in man, 
according to Kobert, as  Meyerstein points out,  the same amount.  And it would 
seem  that  the  protective  agents  existing in  the  serum,  which  Meyerstein  and 
others  have  studied,  cholesterol,  neutral fats,  and lipoids,  ought to  account  for 
immunity from  damage  to  the  corpuscles  even with  considerable variations  in 
the amount of oleate in the blood. 
The other  observers who  have endeavored to  ascribe the hemolysis in toxic 
anemias to  fatty hemolysins have  not  confined themselves  so  precisely to  one 
particular substance.  Berger and Tsuchiya (7)  prepared a 2 per cent.  emulsion 
in normal saline of the ether extract of the mucous membrane of  stomach  and 
intestines from a  normal human subject and also  from  a  patient that  died  of 
pernicious anemia.  In the  former case  five drops  (of which  forty-five went to 
I  c.c.)  were necessary to  lake  completely 5  c.c. of  a  2  per  cent.  suspension of 
human corpuscles,  or 2 c.c. of a  5 per  cent.  suspension: therefore  o.5  c.c. of  a 
5  per  cent.  suspension would  require  one  fourth  of  this  amount  (~  of  5/45 
of 20 mg.)  or 0.55 rag.  In the  latter case,  of the  extract  from  the mucosa in William Fletcher McPhedran.  537 
pernicious  anemia  one  fifth of  this  amount  Was  sufficient;  that  is,  o.II  mg.  for 
o.5  c.c.  of  5  per  cent.  suspension,  or  about  four  times  as  much  as  would  have 
been  necessary  had  the  extract  consisted  of  sodium  oleate or  oleic acid.  Their 
figures  show  a  noticeable  difference  between  the  hemolytic  properties  of  the 
normal extract and the abnormal,  but even in this latter case it would not appear 
that  the potency  of the  material  obtained  in  pernicious  anemia  was  so great  as 
to warrant  far reaching conclusions. 
Joannovics  and  Pick  prepared  from  the  liver  in  acute  yellow  atrophy  in 
phosphorus  poisoning in man,  the dog, and the rabbit, and  in dogs poisoned with 
toluylene  diamine,  an  extract soluble in ether,  in acetone, and  in methyl alcohol, 
which they maintain was by means of these solvents freed  from simple glycerides 
and  also  from  complex  fatty  substances  containing  phosphorus,  and  was  there- 
fore substantially  composed  of  fatty acids.  Of this  material  the minimum  com- 
pletely hemolytic dose for 0.5  c.c.  of a  5 per cent.  suspension  of  dog's  red blood 
corpuscles was  as  follows: 
Acute yellow atrophy  ...................................  o.o13  rag. 
Phosphorus  poisoning  (man)  ...........................  o.o62  rag. 
Phosphorus  poisoning  (dog)  ...........................  o.112  mg. 
Phosphorus  poisoning  (dog)  ...........................  0.065  mg. 
Phosphorus  poisoning  (rabbit)  ........................  O.lO5 rag. 
Phosphorus  poisoning  (rabbit)  ........................  0.o88  rag. 
The  fatty acids  found  free in the liver in these five cases of  phosphorus  poi- 
soning had therefore  from a  half to a  quarter  of the hemolytic power of sodium 
oleate or oleic acid,  whereas  in  the case of  acute yellow atrophy  it  was  greater 
than  this,  about  twice  as  great.  Although,  therefore,  the  effect  of  phosphorus 
did  not  bring  to  light  any  evidence  for  the  belief that  in  the  decomposition  of 
the  unknown  fatty  complexes  of  liver cells  substances  might  be  liberated  with 
greater  lyric properties  than  might  well  belong  to  the  simple  products  of  the 
hydrolysis of common fat, nevertheless the case of yellow atrophy bears  out this 
conception.  But if this is the explanation of the hemolysis in pernicious anemia, 
if  pernicious  anemia  is  a  sort  of  chronic  yellow  atrophy,  some  explanation  is 
required  to  account  for  the  fact  that  the  extensive  destruction  of  liver  tissue 
in  phosphorus  poisoning  gives  such  different  results.  Joannovics  and  Pick 
draw  different  conclusions  from  their  findings,  both  in  these  cases  and  in  the 
case  of  extracts  obtained  from  the  liver  in  animals  poisoned  with  toluylene 
diamine.  In  these  latter  experiments  the  data  given  do  not  allow  of  an  exact 
comparison  on these lines.  The  volume of  the  methyl  alcoholic  solution  neces- 
sary  for  complete  hemolysis  is  given,  but  not  the  amount  of  extract  contained 
in that volume, but the authors  themselves do not suggest that these results were 
more  striking  than  those  obtained  in  the  cases  of  phosphorus  poisoning,  so  we 
should not be justified in concluding that this was the case.  More recently, how- 
ever, Maidorn  (8)  has  published  results  of  experiments  of this  same  nature,  in 
which  the method  of  preparing  the  extracts  was  the  same  as  that  employed by 
Joannovics  and  Pick,  and  he  states  that  in  his  experiments  the  extract  soluble 
in  acetone  from  IOO gin.  of  liver,  the  weight  of  which  is  given,  was  made  up 538  Hemolytic  Properties  of  Fatty  Acids. 
to  ioo  c.c.  of  solution  in  methyl  alcohol;  a  part,  doubtless,  of  this  extract  did 
not  dissolve  in  methyl  alcohol,  but  we  are  not  told  how  much  did  dissolve. 
Taking,  however, the amount of  extract soluble in acetone that it was  necessary 
to  use  in  order  to  get  complete  hemolysis  in  o.5  c.c.  (the  author  used  o.2  c.c.) 
of  5  per  cent.  sheep red blood  corpuscles,  we  obtain the  following  figures: 
. 
I.  Normal  li'v:er  (dog)  .............................................  :...  1.o6 
2.  Normal  liver autolyzed  48 hours  (dog) ......  ~  ........................  0.33 
3.  Acute toluylene diamine poisoning  (dog)  .............................  1.6o 
4.  Acute toluylene diamine poisoning after removal of spleen  (dog) .......  3.80 
5.  Chronic toluylene diamine poisoning (dog)  ...........................  1.5o 
6.  Chronic toluylene diamine poisoning after  removal of  spleen  (dog)  ....  1.9o 
7.  Acute  phosphorus  poisoning  (dog)  ..................................  2.3o 
8.  Acute phosphorus  poisoning after  removal  of  spleen  (dog)  ...........  4.8o 
9.  Chronic phosphorus poisoning  (dog)  .................................  7.40 
IO.  Chronic phosphorus poisoning after removal  of  spleen  (dog)  ..........  0.7o 
In each case we must suppose that only a  certain fraction of the amounts  dis- 
solved in methyl alcohol; but for the hemolytic potency of that which did dissolve 
to  be of the  order of  the hemolytic potency of  oleic acid,  we  must  suppose  that 
this  f.raction  was  never larger  than I/IO (experiment 2) and ranged down to 1/25o 
(experiment 9).  If  as  little of  the acetone extract as  this  went into  solution  in 
methyl  alcohol  the  author  would  surely  have  commented  on  the  fact.  It  is 
difficult,  therefore,  to  elicit  from  these  results  any  evidence  for  the  formation 
of  hemolysins  in  these  conditions,  such  as  the  author  seems  to  have  in  mind; 
that is, so powerful  as to introduce a  new  factor into the pathology of anemia. 
In  order  to  test  the  point  with  material  obtained  from  the 
human  subject  in  health  and  in  pernicious  anemia  the  following 
experimen.ts  were  carried  out. 
Extracts  were prepared as  follows:  The  organ  freed  from  all visible adipose 
connective tissue was  minced, weighed,  and treated  with about  ioo to  15o  c.c.  of 
alcohol  for  every  IOO  gin.  of  material.  After  twenty-four  hours  the  aqueous 
alcoholic  fluid  was  strained  off on  muslin,  pressed  out  by  hand,  and  discarded; 
the  tissue was  then  shaken with  the  same  volume of  alcohol  again;  the  alcohol 
pressed  out  in  a  screw-press  the next  day  was  kept,  and  similarly  two  or  three 
further  portions of  alcoholic  solution,  obtained  on  the  following  days,  were  all 
mixed,  filtered,  evaporated in vacuo  at  about 4 °0  C.  to  dryness,  and  the  residue 
taken up in ether and filtered.  After this extraction with alcohol the tissue, now 
practically  free  from  water,  was  similarly  extracted  with  ether,  the  ether  simi- 
larly  evaporated,  and  the  residue  taken  up  in  ether  and  filtered.  This  ethereal 
solution was added  to that obtained from the alcohol extraction and the mixture 
precipitated  with  acetone.  The  mixture  of  acetone  and  ether,  filtered  off  and 
evaporated  in  vacuo at  about  40  °  C.,  gave  a  residue  which  was  taken  up  in 
acetone  and  filtered  (fraction  I).  The  small amount  which  did  not  dissolve  in William Fletcher McPhedran.  539 
acetone,  added  to  that  which  had  been  precipitated  by  acetone,  was  dissolved 
in  ether  and precipitated  again once  or  twice  with  acetone.  In  this  way  finally 
a  second  fraction  was  obtained  insoluble  in  acetone  (fraction  2).  These  two 
fractions  were  dissolved  in  methyl alcohol,  neutralized  to  phenolphthalein  with 
N/IO  soda,  the  amount  of  dissolved  material  in  a  measured  quantity  of  each 
solution  was  determined,  and  then  the  hemolytic power  of  each  solution  ascer- 
tained.  A  portion  also  of  each  fraction  was  saponified  with  alcoholic  potash, 
made  acid,  and  the  fatty  acids,  thus  set  free,  were  shaken  out  with  petroleum 
ether,  and  examined as  to  their hemolytic power  after  neutralization  with  soda. 
Solutions were obtained in this way  from five cases. 
Case  I.  A  man  who  died  after  operation  for  cancer  of  the  prostate;  there 
were no  metastases  and no  cachexia. 
Case 2.  Cancer  of  the prostate  with metastases  and  some cachexia. 
Case 3.  Acute lobar pneumonia. 
Case 4.  Anemia not typically pernicious,  color  index  low,  no  signs  of  regen- 
eration, no gastro-intestinal symptoms. 
Case 5.  A  man who died of pernicious anemia, showing the typical blood pic- 
ture of the aplastic type  (1.2  to  1.6  million red corpuscles  with high color  index 
arid no signs of  regeneration,  except a  few nucleated  red corpuscles)  in this, his 
third attack  of  illness.  He  exhibited intestinal symptoms  which  were,  however, 
not severe. 
The  first four cases were thus controls and should make clear the 
difference between the hemolytic properties  of the  fatty subs,tances 
obtainable from the tissues in typical pernicious anemia  (case 5) and 
those found in other conditions, if such a  difference exists and  if in 
pernicious anemia the disease is due to hemolysis by toxic fat'ty sub- 
stances present in the tissues. 
In table XlII the results obtained with material  from these cases 
are  summarized.  Where  the  figures  given  are  preceded  by  the 
sign  >,  the actual amount  that  caused complete hemolysis was not 
determined ; the largest amount actually used did not have this effect 
and that figure is given.  In every instance this is sufficient to prove 
that there was no unusually potent agent operating. 
The  figures  in  the  second column  (fatty  acids  from  fraction  I) 
are in some cases marked with an asterisk.  Fraction  I  would con- 
tain, in addition to simple glycerides and free fatty acids, cholesterol 
and its esters, if present.  In mos.t instances the portion of fraction I 
that  had  been  saponified  was  shaken  with  light  petroleum  two  or 
more times in alkaline solution to remove cholesterol and unsaponi- 
fidd matter;  in  some  instances  the  products  of  saponification  were 
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The asterisks indicate tests where the treatment had not been carried 
out.  The protective action of. cholesterol which has been studied by 
Meyerstein and  others  is illustrated  where ~the test  was  made  both 
before and  after the  removal of unsaponifiable  substances. 
The examination  of the figures as a  whole shows that  the hemo- 
lytic action of the substances soluble in acetone and of those precipi- 
tated  by it  is  far  smaller  than  that  of the  fatty  acids  that  can  be 
obtained from them; and  further that the action of these fatty acids 
is  generally  not  as  strong-  as  would  be  that" of  pure  oleic  acid  by 
itself.  And more  especially the  figures  obtained  in the case of the 
tissues in pernicious  anemia  fall entirely  within  the  limits  of those 
obtained similarly in other conditions and fail absolutely to give any 
indication  of  the  presence  of  hemolytic  toxins  of  the  kind  which 
have been supposed by some to be present and to be the cause of the 
disease. 
It  is true  of course that  the treatment  to which the material  was 
subjected before the  fatty acids were finally isolated  for the  carry- 
ing out of these tests can hardly have been without effect upon the 
chemical constitution of some of the more sensitive ones.  Although 
all evaporations were done in flasks from which air was removed by 
a  fine  stream  of  carbonic  acid  under  low  pressure,  and  at  a  low 
temperature,  still the extraction of the tissues with alcohol and with 
ether  necessarily  lasted  several  days,  and  the  action  of  air  at  the 
room temperature  during this time within stoppered vessels was no.t 
excluded;  and  also,  of  course,  the  saponification  with  alcoholic 
potash  ~ is known to be accompanied by changes in unsaturated acids. 
It may therefore be that the acids as used for the tests were in part 
different  from those originally  present  in  the  substances  contained 
in the cells.  The changes known to be brought about by such opera- 
tions, partial  oxidation of unsaturated  acids,  and  consequent lower- 
ing of their  iodine value,  would probably, as  the experiments  with 
dihydroxystearic  acid given in  the  earlier  part  of this  paper  show, 
tend to diminish  the hemolytic power of the  acids  finally obtained. 
1 In order to avoid heating with alcoholic potash,  in one experiment the saponi- 
fication by means  of hepatic  lipase was  employed  for  the liberation  of the  fatty 
acids.  Although  this  did  not  yield  results  other  than  those  given  in  the  table, 
this method has not yet been adequately tried out in the experiments here recorded 
and  is to  be submitted  to  further  tests  in this  laboratory. William  Fletcher  McPhedran.  541 
But the oxidized acids being insoluble in petroleum ether would be 
removed in the final operation  for obtaining the  fatty acids.  And 
we find that at any rate in the case of pernicious anemia the fatty 
acids obtained have a lower hemolytic action than oleic acid, except- 
ing only those obtained from the liver, which behave about as they 
would if they were merely oleic acid. 
CONCLUSIONS. 
I.  The  smallest  amount  of  the  sodium  soaps  necessary for the 
complete hemolysis of 0. 5 of a cubic centimeter of a  5 per cent. sus- 
pension of the  red blood  corpuscles  of the sheep,  ox,  rabbit,  dog, 
or of man, is about the same,---o.o  3 of a milligram in the case of the 
following acids : oleic, linolei~, dibromostearic, chloriodostearic, and 
two  isomeric  monobromostearic  acids;  in  the  case  of  erucic acid 
about twice as much of the soap was found to be necessary; in that 
of palmitic or of dihydroxystearic acid more than ten times as much. 
2.  The minimum hemolytic quantity of the sodium soaps  of the 
highly  unsaturated  acids  obtained  from  cod  liver  oil  and  from 
linseed oil is only very slightly less than that of sodium oleate. 
3.  It follows, therefore, from these results .that hemolysis by un- 
saturated fatty acids is not more active in proportion to the degree 
to which these acids are unsaturated, nor is it diminished when the 
unsaturated carbon atoms are saturated by halogens.  It is,  on the 
other  hand,  greatly diminished  when  they are  converted  into  the 
corresponding hydroxyl acids, which are hemolytic only to the same 
degree as the saturated acids. 
4-  The idea that toxic hemolysis, in disease, in poisoning by phos- 
phorus or toluylene diamine, results from the liberation of specially 
hemolytic  fatty  acids  from  the  fatty  complexes  of  disintegrating 
cells is not well supported by evidence; none of the fatty acids, still 
less  any  of  the  fatty  complexes  from  which  these  acids  can  be 
obtained in any of the organs examined, either in this  work or in 
the work of others that has preceded it,  show on analysis any evi- 
dence for the existence of fatty acids more toxic than the common 
oleic  acid  which  is  constantly  being  set  free  by  hydrolysis  from 
common fat in health. 542  Hemolytic  Properties  of  Fatty  Acids. 
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